Abstract. We propose a phantom crossing Dvali-Gabadadze-Porrati (DGP) model. In our model, the effective equation of state of the DGP gravity crosses the phantom divide line. We demonstrate crossing of the phantom divide does not occur within the framework of the original DGP model or the DGP model developed by Dvali and Turner. By extending their model, we construct a model that realizes crossing of the phantom divide. DGP models can account for late-time acceleration of the universe without dark energy. Phantom Crossing DGP model is more compatible with recent observational data from Type Ia Supernovae (SNIa), Cosmic Microwave Background (CMB) anisotropies, and Baryon Acoustic Oscillations (BAO) than the original DGP model or the DGP model developed by Dvali and Turner.
INTRODUCTION
Late time accelerated expansion of the universe was indicated by measurements of Type Ia supernovae (SNIa). It is not possible to account for this phenomenon within the framework of general relativity containing only matter and radiation. Therefore, a number of models containing "dark energy" have been proposed as the mechanism for the acceleration. However, the cosmological constant, which is the standard candidate for dark energy, cannot be explained by current particle physics due to its very small value.
The Dvali-Gabadadze-Porrati (DGP) model [1] is an extra dimension scenario. In this model, the universe is considered to be a brane; i.e., a four-dimensional (4D) hypersurface, embedded in a five-dimensional (5D) Minkowski bulk. On large scales, the late-time acceleration is driven by leakage of gravity from the 4D brane into 5D spacetime. Naturally, there is no need to introduce dark energy. The action is
A Friedmann-like equation on the brane is obtained as
Dvali and Turner [2] phenomenologically extended the Friedmann-like equation (Eq. 
For α = 1, this agrees with the original DGP Friedmann-like equation, while α = 0 leads to an expansion history identical to that of ΛCDM cosmology. According to various recent observational data including that of SNIa, it is possible that the effective equation of state parameter w eff , which is the ratio of the effective pressure p eff to the effective energy density ρ eff , evolves from being larger than −1 to being less than −1; namely, it has currently crossed −1 (the phantom crossing). 
PHANTOM CROSSING DGP MODEL
We propose the "Phantom Crossing DGP model" [3] that extends additionally the modified Friedmann equation (Eq. (3)) proposed by Dvali and Turner. Our model can realize crossing of the phantom divide line for the effective equation of state of the DGP gravity.
On the basis of the previous section's results, by change of the sign of α (from being positive to negative), the effective equation of state parameter varies from being larger than −1 to being less than −1. Here, we shall assume that the physics that modifies Friedmann-like equation satisfies the following simple requirement:
• The sign of α of Eq. (3) varies from being positive to being negative keeping the model as simple as possible.
In accordance with this requirement, we make the following assumption,
where a is the scale factor (normalized such that the present day value is unity). The quantity β is a constant parameter. In the period when the scale factor a is less than the parameter β (α > 0), the effective equation of state exceeds −1. At the point when the scale factor a equals β , (α = 0), the equation of state's value will be −1. In the period when the scale factor a exceeds the parameter β (α < 0), the equation of state will be less than −1. In this way, crossing of the phantom divide is realized in our model. Replacing α by β − a in Eq. (3), the Friedmann-like equation in our model is given by 
OBSERVATIONAL CONSTRAINTS
We investigate the validity of our model in detailed comparison with recent observational data from SNIa, CMB anisotropies, and BAO. 
